Objectives: Lumbar spinal stenosis (LSS) negatively affects patients' quality of life. No systematic review evaluating the effects and safety of acupuncture for this population is available. We aimed to evaluate evidence indicating the effectiveness and safety of acupuncture for LSS. Methods: We searched five English-language databases (EMBASE, MEDLINE, CENTRAL, CINAHL, and AMED) and one Chinese database (CAJ) for randomised controlled trials (RCTs) and nonrandomised controlled clinical trials (CCTs) of needle acupuncture for LSS. CCTs were analyzed only in terms of safety and intervention-related information. Results: Six RCTs (n = 582) and six CCTs, which were all from China and reported in Chinese, were included. High or uncertain risk of bias and clinical heterogeneity due to different acupuncture techniques were observed. All RCTs compared different combinations or techniques of acupuncture. None of the included studies mentioned safety issues. Acupuncture combined with other interventions and/or with additional stimulation increased the number of improved patients compared with acupuncture alone or relatively simpler stimulation (n = 582; relative risk, 1.16; 95% confidence interval 1.08-1.25). Pain intensity, overall symptoms, and functional outcomes related to LSS and quality of life showed significantly favourable improvement in the treatment group compared with the control group, which lasted for up to 6 months post-treatment. 
Introduction
Degenerative lumbar spinal stenosis (LSS) is a chronic condition characterised by anatomical narrowing of the spinal canal, debilitating symptoms (pain and/or numbness in the back and legs, neurogenic claudication, postural exacerbation or palliation of pain/numbness), limited daily function, and impaired quality of life. 1, 2 LSS is considered to be the leading cause of spinal surgery among elderly patients over 65 in the U.S. 3 A recent population-based study revealed that diagnosed LSS is associated with a substantial burden of illness and that there is a need to manage the associated pain and ambulation deficits experienced by patients with LSS. 4 A series of conservative treatments for LSS, including non-steroidal anti-inflammatory drugs (NSAIDs), physical treatments, exercises, and epidural steroid injections, is available. However, the long-term use of NSAIDs, which are often present in the management of LSS patients, may be associated with an increased risk of cardiovascular and gastrointestinal events. Frequent local steroid injection at epidural, deep paravertebral, and facet joints may increase risk of infection. 2 Overall, most conservative treatments are not founded on firm clinical evidence and have their own adverse effects, despite the treatments' prioritised role in the non-surgical management of patients with LSS. 2, 5, 6 When conservative treatments over 3-6 months do not work well in symptomatic LSS, surgical interventions can be considered as a feasible treatment option. 7 However, in one study, patient satisfaction between surgical and nonsurgical interventions were similar at a 10-year follow-up, suggesting shared decision-making and the incorporation of individual patients' preferences when deciding treatment intervention. 8 Acupuncture is commonly used for managing low back pain or other chronic pain. [9] [10] [11] One small survey revealed that acupuncture was one of the most preferred treatment options of physical therapists for LSS in Canada. 12 The willingness of patients with low back pain to continue acupuncture treatments has been observed, which may reflect a possible preference for acupuncture in patients with spinal disorders. 13, 14 However, little reliable information regarding the role of acupuncture in managing patients with LSS is available. Given the patients' possible preference for acupuncture to treat spinal disorders, assessing the evidence of acupuncture for patients with LSS may be timely and relevant. Therefore, this study aimed to systematically evaluate current evidence of the effects and safety of acupuncture in patients with LSS.
Materials and methods

Search and study selection
An electronic search was conducted in five English-language databases and a Chinese database (see Table 1 for searched databases and search terms). There were no language restrictions in the study. We did not confine the search term to randomised controlled trials (RCTs) due to an expected scarcity of studies related to this topic. Clinical trials that had a comparator group but did not randomise patient allocation or that had an inadequate randomisation process (e.g., the allocation of patients based on hospital record number or visit days) were regarded as non-randomised controlled clinical trials (CCTs) in our review. RCTs and CCTs comparing the effectiveness of acupuncture using acupuncture needles that penetrate certain points on the body (e.g., classical acupuncture points, trigger points, or local tenderness) for any form of control intervention were eligible. Studies with acupuncture-related interventions that do not penetrate the skin (e.g., moxibustion, acupressure, or laser acupuncture) or that include the injection of herbal extracts or any other substances into acupuncture points were excluded. Only RCTs were assigned to the analysis of effectiveness. CCTs were used in the analysis of safety and other intervention-related information.
One review author performed search studies using both English-and Chinese-language databases. The screening and selection of eligible studies were performed by the first author and checked by another author. Data extraction was performed by the first author and checked by two coauthors. The ''risk of bias'' criteria of Cochrane systematic reviews was used in the analysis. 15 Risk of bias assessment was independently performed by two authors. Disagreements were resolved by discussion.
We sought to determine whether the eligible RCTs measured ''core outcomes'' that are clinically important in patients with LSS. We defined core outcomes as pain intensity, walking capacity, back-specific function, quality of life, work disability, and patient global assessment. 16, 17 A meta-analysis was performed using RevMan software (Review Manager Version 5.1 for Windows; The Nordic Cochrane Centre, Copenhagen). Effect estimations were calculated as the standardised mean difference (SMD) for continuous outcomes or as relative risk (RR) for dichotomous outcomes. Random-effect models were employed to consider possible clinical heterogeneity among the included studies.
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Results
Of 289 screened articles, a total of 12 trials (six RCTs [23] [24] [25] [26] [27] [28] and six CCTs [29] [30] [31] [32] [33] [34] ) were included in the qualitative synthesis. Six RCTs were included in the main analysis. CCTs were used only for safety and intervention analyses. The detailed study selection processes are shown in Fig. 1 .
Study characteristics
All included trials were conducted in China and reported in the Chinese language. The number of participants ranged from 60 to 154 in RCTs and from 59 to 172 in CCTs. Most RCTs were two-arm parallel studies, except for one study that employed four arms, consisting of different acupuncture methods. 22 All but one 20 trial incorporated radiographic evidence, such as the results of magnetic resonance imaging or computed tomography, into the diagnosis of LSS or eligibility criteria. Traditional Chinese medicine (TCM) diagnosis was used for individual prescriptions for acupuncture regimen in three RCTs. [19] [20] [21] However, the results were not reported separately, and no subgroup analyses according to different TCM diagnoses were conducted. Thus, whether TCM diagnosis made a difference in the clinical outcomes of different TCM diagnosis groups could not be assessed further in our review. The outcomes measured in the RCTs included the response rate (the number of improved patients), overall assessment scores, spinal function scores, pain visual analogue scale (VAS) scores, and quality of life (WHO Quality of Life-BREF (WHOQOL-BREF)).
All included RCTs assessed a response rate that had been defined as the number of patients in each predefined category, incorporating overall evaluations of each patient's symptoms and functional disability as measured by an assessor. We converted the three-point (cured, improved, or not improved) or four-point (completely cured, much improved, somewhat improved, or not improved) Likert scale of response rates into a dichotomous scale to calculate the number of improved patients (i.e., improved or not improved) by merging the numbers of patients in the cured and improved groups. Three RCTs measured overall assessment scores that were defined as a measurement of various clinically relevant domains, as follows: symptoms in the lower back and legs, physical examination results, bladder function, and radiological abnormalities of the lumbar spine. 19 Another trial defined items for overall assessment scores as activities of daily life, emotional status, and physical status. 21 The rest of the trials did not clearly describe the components that the authors intended to measure. 20 Four RCTs assessed spinal function scales that had been illustrated as a modified instrument based on the Japanese Orthopaedic Association's scales. [20] [21] [22] [23] Details of the study information are provided in Tables 2 and 3 (see Appendix A for the full details of the included RCTs). 
Risk of bias in the RCTs
All RCTs had generally high or uncertain risk of bias, except in the domains of random sequence generation.
No studies reported whether allocation concealment was attempted. All studies had high risk of performance bias due to the unblinded nature of open comparison and did not report whether the outcome assessors were blinded. Four RCTs [19] [20] [21] [22] did not mention whether dropout or loss of follow-up occurred during the study; thus, uncertain risk of bias was given in the domain of incomplete outcome reporting. No studies provided information about any discrepancy between the original trial protocol and the reported results or trial registration number. As a result, uncertain risk of bias was given in the domain of selective outcome reporting. Risk of bias of each RCT is illustrated in Table 4 and Appendix A.
Study interventions used in all included studies
Comparisons were made between acupuncture combined with related techniques (cupping or herbal medicine) and acupuncture alone, 18, 19 acupuncture with warming stimulation technique and acupuncture with ordinary stimulation technique, 20, 21 and acupuncture with BL32 points and acupuncture without BL32 points. 22, 23 No placeboor sham-controlled RCTs or RCTs comparing acupuncture with conventional non-surgical or surgical treatments were found.
All included trials combined local and distal acupuncture points. Four RCTs 18, [20] [21] [22] and one CCT 25 used the local point EX-B2, which is located near the nerve roots of the lumbar vertebrae. Most of the included studies used traditional acupuncture points. None of the included studies considered myofascial trigger points as acupuncture points, although tender points were needled in two RCTs. 18, 20 None of the included studies reported the treatment context or information related to the practitioner's qualification or training, despite the relatively invasive methods (deeper and stronger stimulation with acupuncture). In CCTs, intravenous injections of herbal medicine, 27 ,29 the use of a spinal distraction device, and oral ibuprofen at unknown doses 28 served as control interventions. Further details of the interventions in the RCTs and CCTs are provided in Appendices A and B, respectively.
Outcome results in the RCTs
The number of improved patients was significantly higher for acupuncture combined with related therapies or acupuncture with additional stimulation than for acupuncture alone or acupuncture with simple stimulation based on a posttreatment assessment (6 RCTs; n = 582, RR 1.16, 95% CI 1.08-1.25; I 2 = 0%) ( 2 = 0% at 6-month followup). Core outcomes were addressed in certain RCTs (i.e., pain intensity, 20 back-specific function, 20, 21, 23 and quality of life 20, 21 ). None of the included studies separately reported walking capacity, work-related disability, or patient global assessment. More forest plots are provided in Appendix C.
Adverse events
None of the included studies provided reports on adverse events.
Figure 2
The number of improved patients based on post-treatment assessment. In a study by Chen (2011) 22 , four groups of acupuncture stimulation techniques were merged into two for pairwise comparison between the techniques with BL32 stimulation and the methods without this stimulation.
Discussion
In this study, we found that current evidence for the use of acupuncture in patients with LSS is limited, due to the scarcity of existing clinical trials and high risk of bias in various aspects, which impedes the reliability of the trials' results. Different acupuncture combinations and stimulation techniques were compared in six RCTs, which did not compare the role of acupuncture with existing surgical or conservative treatments. Thus, the value and clinical relevance of those trials may be doubtful when considering acupuncture as an add-on to existing conventional treatment options or as a standalone treatment. Acupuncture with additional stimulation or with other related techniques produced better results than the ordinary stimulation of acupuncture alone, although high risk of bias and substantial clinical heterogeneity should be seriously considered when interpreting the results of meta-analyses. The followup periods were relatively shorter (at best, 6 months) than in trials testing various surgical or non-surgical interventions for LSS, which assessed 2-year outcomes after treatment intervention. 7, 30 Thus, the longer term effects of acupuncture could not be assessed in our analyses. The outcomes (e.g., response rates, overall assessment scores, and spinal function scores) incorporated multidimensional aspects of clinically important symptomatic or functional changes, which should have been measured and reported separately for a clear understanding and clinically relevant analyses of the observed benefits. For instance, walking capacity has been regarded as a key outcome for patients with LSS. 31 However, none of the included RCTs reported walking capacity separately. None of the recommended outcomes for disability (i.e., the Oswestry Disability Index (ODI) or the Roland-Morris Disability Questionnaire (RMDQ)) was assessed in the included studies, which may make it difficult to compare the results with the data of other studies that have used ODI or RMDQ. The safety of acupuncture was not addressed in any of the included RCTs or CCTs. All trials were conducted in China, using intensive treatment sessions and strong stimulation methods. Consequently, the generalisability of the evidence found in this study may be seriously limited given different treatment contexts or cultural backgrounds, and the feasibility and acceptability of the trials' results may not be the same in other countries. A lack of trials from Western countries may also deserve further attention because this lack may imply a potential difference in practice characteristics and research priorities between China and countries other than China 32 or unidentified barriers to the design and implementation of acupuncture trials for LSS in Western countries.
No information was available on preferences or expectations regarding acupuncture compared with conventional treatments in any of the included RCTs. Empirical evidence showed that patients' expectations of acupuncture treatment positively influenced treatment outcome in patients with chronic pain. 33, 34 Preferences among patients in musculoskeletal trials were found to be associated with treatment effects. 35 Given that shared decision-making for the management of LSS is necessary when considering surgery and other conservative care, 8 patients' preferences for acupuncture should be addressed in future RCTs, and these preferences' influence on treatment outcome should be investigated. 35 Interestingly, all the included studies employed fixed or semi-fixed acupuncture regimens, which might imply that commonly acceptable core acupuncture points for the treatment of LSS could be developed. However, we do not know whether these studies sufficiently represent current acupuncture techniques used in other clinical situations in which different techniques might be used. Whether individualised acupuncture treatments or a selection of acupuncture points, based on a classification of the traditional diagnostic framework, is effective may be of interest for future study. Various acupuncture techniques with additional stimulation techniques or combined with other ancillary techniques were tested in all included studies. This clinical heterogeneity suggests the need for further investigation into whether these regimens are clinically valid in different contexts, which is an important consideration when designing acupuncture intervention for future clinical trials. Various approaches, including practitioner surveys, expert consensus, and clinical trials, may be required to develop optimal acupuncture techniques for this condition.
The safety of acupuncture may be a prerequisite when considering acupuncture as a viable non-surgical treatment option for LSS. Empirical evidence suggests that acupuncture is generally safe when performed by qualified practitioners. 36, 37 In our research, however, the lack of reports on adverse events and on the qualifications of the involved practitioners in all of the included studies does not allow us to determine the safety of acupuncture for LSS. Because this research found that deeper insertion and stronger stimulation methods were employed for LSS, particular attention should be paid to avoiding deep-tissue infection or neurological complications. Although acupuncture for lower back pain or neck pain that is performed by physicians was found to be a low-risk intervention in a large prospective study conducted in Germany, 38 certain case studies have reported infectious events or neurological complications after acupuncture treatments. 39, 40 A large, well-conducted observational study aiming to provide safety data on the use of acupuncture for LSS, with highquality reporting on harm observed during clinical studies, is required to generate reliable evidence for the safety of acupuncture for this condition. 41, 42 The possible acupuncture mechanisms used for LSS might be of interest. One experimental study reported that manual acupuncture stimulation at a point on the lumbar muscle was correlated with increased blood flow in the sciatic nerve, suggesting a role for vasodilatory nerve fibres mediated by neurotransmitters stimulated by acupuncture. 43 Another study postulated the possible involvement of the activation of cholinergic nerves to increase blood flow in the sciatic nerve after the electrical stimulation of the pudendal nerve in rats, which was inhibited by the administration of atropine. 44 As ischemic nerve impairment by the presence of stenosis and nerve-root compression is believed to be a possible cause of neurogenic claudication and other disabling symptoms of LSS, 45 those findings may deserve further exploration. Systemic and local anti-inflammatory actions of manual and electroacupuncture, mediated by efferent vagus nerve activation and inflammatory macrophage deactivation, may also be related to the possible benefit of acupuncture for patients with LSS 46 because inflammation at the interface between the nerve root and the compressing tissue may be responsible for symptoms of LSS. 45 Endogenous opioid peptides in the central nervous system might play a role in the analgesic effects of acupuncture in patients with LSS. 47 However, the hypotheses regarding the mechanism of acupuncture that are suggested above are not fully understood and need future research.
The limitations of this systematic review should be addressed. First, only different acupuncture combinations or different stimulations were compared; no placebo control or active comparators that reflect current surgical or non-surgical treatment options for LSS were used in the RCTs. Thus, we could not identify the specific efficacy or comparative effectiveness of acupuncture for LSS. Second, the RCTs in our review were conducted only in China and reported in the Chinese language. Thus, the generalisability of this review to other countries is limited, and non-Chinese-speaking readers cannot access the included studies. Regarding the latter issue, we provide a brief summary of the included studies in English. Third, although statistical heterogeneity was minimal for the meta-analyses of each outcome, the clinical heterogeneity between each trial was significant due to the different treatment interventions and comparisons. Thus, quantitative assessment by meta-analysis may not be the best option to understand the current evidence of acupuncture for LSS, and the effect estimates reported in this review should be interpreted with caution.
Implications for future research
More methodologically sound RCTs should be conducted to evaluate the effectiveness and safety of acupuncture in patients with LSS. Comparisons should be made between acupuncture and conventional conservative management or surgical treatments or between acupuncture in combination with conventional care and conventional care alone to measure the relative benefits of acupuncture compared with existing treatment options. Patient characteristics that might be related to treatment outcomes, such as expectation of and preference for acupuncture treatments, and types of traditional Asian medicine diagnosis may be worth exploring to identify potential influences on treatment effects. Potential determinant factors that may be associated with clinical heterogeneity regarding current acupuncture techniques for LSS should also be investigated. Safety information should be addressed with international standards of reporting harm (i.e., consolidated standards of reporting trials (CONSORT)) in future RCTS and in prospective observational studies.
Implications for clinical practice
The current evidence found in this review is seriously limited by high or uncertain risk of bias. Acupuncture may be recommended if patients have a preference for or willingness to receive acupuncture. Deeper insertion, stronger stimulation, or acupuncture combined with other TCM interventions have yielded benefits compared with ordinary acupuncture alone. However, no particular acupuncture technique could be recommended due to the limited generalisability of the study results. Acupuncture may sustain beneficial effects for up to 6 months. However, the long-term effectiveness of acupuncture is uncertain. Little safety data is available for acupuncture used to treat patients with LSS. Although acupuncture was found to be a safe treatment method when performed by a competent medical practitioner, care should be taken when performing deep needling to avoid infection or unintentional organ penetration.
Conclusion
This review found inconclusive evidence for the effectiveness of acupuncture in patients with LSS. Acupuncture with additional stimulation or in combination with other related techniques may be beneficial compared with ordinary acupuncture therapy alone. However, those results should be interpreted with caution due to high risk of bias and substantial clinical heterogeneity. All included studies were conducted in China. Thus, the findings of the review may not be generalisable to other countries or different clinical contexts. Little information is available regarding whether add-on or standalone uses of acupuncture are beneficial compared with conventional treatment options for the management of LSS. The safety of acupuncture for LSS could not be assessed in this review due to poor reporting quality. Further well-designed RCTs with clinically relevant comparisons and outcomes should be conducted. (2b-1) Names (or location if no standard name) of points used: Local points (located on the depression inferior to the spinous process at the level of 3rd to 5th lumbar and 1st sacral vertebrae. EX-B2 at the level of 4th to 5th lumbar vertebrae, BL54, GB30) and distal points (BL40, BL57, GB34, GB40, tender points) (2b-2) (uni/bilateral): bilateral EX-B2, distal points at the affected side(s) depending on each patients' condition (2c) Depth of insertion: To the neural foramina evoking radiating sensation for lumbosacral region. EX-B2 (to the direction of intervertebral space until the presence of radiating sensation), BL54 (2-2.5 cun), GB30 (3-3.5 cun), BL40, BL57, GB34 (1-1.5 cun), GB40 (0.5-1.0 cun) (2d) Response sought: electrical stimulation until muscle contraction within the patients' pain thresholds and manual stimulation to elicit radiating sensation or muscle contraction (2e) Needle stimulation: electrical stimulation, continuous wave, 50-100 Hz, once daily (Governor vessel; bilateral EX-B2-BL54, GB30; GB34-GB40 to lateral leg pain; BL40-BL57 to posterior leg pain) 
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